An attempt was made to investigate analytically the mechanical behaviour of a semi-infinite piezoelectric medium coated with a perfectly conducting thin film under the influence of time-dependent flow of heat at the finite end. The problem involves the interaction of three fields, viz. electrical, mechanical and thermal, and the solution was obtained with the aid of operational calculus. The resultant displacement consists of a time-dependent, as well as a time-independent part and the variation of displacements exhibits an arc of a parabola.
Introduction
The investigation of the disturbances of a piezoelectric material from the standpoint of mechanics of continuous media have been initiated by Haskins and Walsh [1] , Mc Quarrie and Buessem [2] , Cady [3] , Mindlin [4] , Redwood [5] etc. The relevant problems are extremely important in view of their applications in the fields of ultrasonics and acoustic engineering. Researchers like Redwood [5] , Kaliski [6] , Balabaev and Ivina [7] , Karlash [8] , Chen [9] considered problems on piezoelectricity without taking into consideration the effect of thermal field but the (585) problems of thermopiezoelectricity, i.e. pyroelectricity, have not been considered extensively. Experimental researches reveal that a perfectly conducting thin film on a piezoelectric solid influences the nature of propagation in the material. The present study attempts to investigate analytically the nature of mechanical disturbances produced in a piezoelectric material coated with a perfectly conducting thin film when the finite end is subjected to a a) temperature varying exponentially with time and acting for a finite interval. b) temperature varying periodically with time and acting for a finite interval.
This constitutes an interesting problem of the interaction of three different fields, viz. electrical, mechanical and thermal, and finally the mechanical displacement produced in each case has been obtained by applying operational calculus. The mechanical displacement consists of two parts: a time-dependent and a time-independent part. For time-dependent part Figs. 2 and 3 represent arcs of parabola in both cases.
The problem and boundary conditions
A semi-infinite piezoelectric medium is considered and the origin of the axes of coordinates is chosen at the finite end of the surface of the medium. The x-axis is drawn normally into the medium and y-z plane is the surface. This free surface is then coated with a perfectly conducting thin film, so that the electric fields on the plane surface are short-circuited (Fig. 1) . This means that If θ(x, t) is the excess of temperature over θ0, the temperature of the piezoelectric medium in a state of zero stress and strain, we can assume θ to be small so that the elastic and thermal properties of the material remain undisturbed throughout the time under consideration. If θ(x, t) is the temperature field and T -the mechanical stress applied on the free surface x = 0, we assume the following boundary and regularity conditions: where u is the mechanical displacement in the x-direction, 0o , To and ω are constants, δ(t) is the Dirac delta function and H(t) is the Heaviside unit function. The basic equations of the problem are where E is the electric field in the y-direction, p is the density of the material, c, μ are the elastic constants, e -the piezoelectric constant, ε -dielectric permittivity, k1, k2 are the thermopiezoelectric constants. The other fundamental equation is the heat conduction equation where k is the thermal diffusivity constant.
Solution of the problem
To solve the problem we make use of the Laplace transform of parameter p. Now taking the transform of Eqs. (4) to (6) and the boundary condition (1) to (3) we obtain
Now eliminating E from Eqs. (7) and (8), we get TABLE I  TABLE II  Numerical values of mechanical Numerical values of mechanical disturbances along the x-directdisturbances along the x-direction (u) vs. time (t) for case 1. ion (u) vs. time (t) for case 2.
